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A comparison between standard and high density
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Objectives: Low intra-aneurysm sac pressure has been shown to correlate with sac shrinkage following endovascular
aneurysm repair (EVAR) whereas high pressure results in sac enlargement. The Resilient AneuRx (RSA) has higher
density Dacron compared with the standard AneuRx (STA) and was developed in an attempt to reduce type 4 and 5
endoleaks, thereby more effectively reducing sac pressure. The purpose of this study is to compare the ability of RSA and
STA in reducing sac pressure in a chronic canine aneurysm model.
Materials and Methods: Artificial polytetrafluoroethylene (PTFE) aneurysm (26  50 mm) with an Endosure wireless
pressure sensor (CardioMEMS, Atlanta, Ga) attached to the inner surface was implanted in the abdominal aorta of 10
mongrel dogs. Two weeks after creation of the aneurysm, each animal underwent EVAR with either STA (n 5) or RSA
(n  5). Following EVAR, intra-sac pressure was measured with the implanted wireless pressure sensor up to 3 months
postoperatively when the animals were sacrificed.
Results: EVAR was successful with no signs of an endoleak in all 10 dogs. Pressure sensing with the wireless sensor was
also successful in each animal until the end of the study. Systolic intra-sac pressure remained at a high level in the STA
group, whereas it gradually lowered over time in the RSA group. This difference reached statistical significance at 2
months and lasted to 3months. No endoleak was detected in either group at the time of sacrifice. Gross analysis confirmed
that all the aneurysm sacs were thrombosed without any flow inside the sac.
Conclusion: Despite absence of an endoleak, intra-sac pressure remained high in the STA group. RSA effectively reduced
sac pressure over time. Graft porosity appears to be an important factor that may determine the outcome of EVAR. These
findings may be useful in designing improved endograft. ( J Vasc Surg 2009;49:1021-8.)
Clinical Relevance: Our objective was to use an animal model to confirm that type 4 and 5 endoleaks depend on the
porosity of the endograft fabric. Our results suggest that low porosity endograft is preferable. These findings will also be
useful in designing improved aortic endografts.Endovascular aneurysm repair (EVAR) has shown, at
least initially, to be a promising alternative to open surgical
repair in select patients with abdominal aortic aneurysms
(AAAs).1-3 EVAR is a less invasive means of excluding the
aneurysm sac from systemic pressure, thereby decreasing
the risk of rupture. Complete exclusion of the aneurysm sac
permits aneurysm shrinkage by means of reducing the sac
pressure.4 Therefore, sac pressure is a sensitive predictor of
endograft failure, including endoleaks, or aneurysm sac
shrinkage.4-8 It has been shown that aneurysm sac pressures
were significantly reduced in aneurysm sacs that shrank
after EVAR.4,5 It has also been shown that the type of
endograft deployed has a significant impact on aneurysm
sac shrinkage.9-12 The endograft fabric material may be one
of the factors to achieving reduction of aneurysm vol-
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non, while expanded polytetrafluoroethylene (ePTFE) is
less likely to result in reduction of the aneurysm sac.9-12
The low permeability Excluder (W.L. Gore & Associates,
Flagstaff, Ariz) device was introduced in 2004. The addi-
tional film layers decrease the overall permeability of ePTFE
device.13,15 One reason for the difference in sac shrinkage
rate is the different degree of porosity or permeability of the
endograft fabric.12-14 Also in 2004, AneuRx (Medtronic/
AVE, Santa Rosa, Calif) endograft fabricated with Dacron
has updated the graft material.
In order tominimize type 4 and 5 endoleaks, the higher
density (low porosity) Resilient AneuRx endograft was
developed. This lower porosity Dacron is designed to min-
imize the occurrence of type 4 and 5 endoleaks by means of
reducing the sac pressure. Our objective was to use an
animal model to evaluate the efficacy of the Resilient
AneuRx in reducing the aneurysm sac pressure in compar-
ison to the standard AneuRx and to confirm that sac
pressure after EVAR depends on the porosity of the Dacron
fabric.
MATERIALS AND METHODS
Experimental animals. This study was approved and
performed in accordance with the guidelines of the Insti-
tutional Animal Care and Use Committee (IACUC) at
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weighing between 22.2 kg to 29.3 kg were used for this
study. After recovery from aneurysm and wireless pressure
sensor implantation, 5 dogs underwent EVAR with stan-
dard AneuRx (STA), and the remaining 5 dogs with Resil-
ient AneuRx (RSA). The porosity of RSA is defined by its
water permeability of 211 mL/min/cm2, while STA is 426
mL/min/cm2 (RSA acquires 50% less porosity as a result of
an application of 52% greater density graft). After deploy-
ing the endografts, the sac pressures were monitored for 3
months with a micro-electro-mechanical systems (MEMS)
radiofrequency-based EndoSure pressure sensor,16-19
(CardioMEMS, Atlanta, Ga) (Fig 1, A) while the systemic
pressure was measured with a standard blood pressure cuff
placed on the forearm.
Aneurysm creation. We modified the prosthetic an-
eurysmmodel that was developed at our institution.20,21 In
short, the prosthetic aneurysm was created by dilatation of
a standard 8 mm diameter Gore-Tex graft (W.L. Gore &
Associates) with a 30 mm-diameter, 50 mm-length angio-
plasty balloon to create a fusiform aneurysmal graft with 30
mm maximal diameter (Fig 1, B). Instead of the tethered
pressure sensor (Konigsberg Instruments, Pasadena, Calif),
an EndoSure (CardioMEMS) wireless pressure sensor was
anchored to the inner wall of the prosthetic aneurysm sac
with 6-0 prolene sutures.
Prior to operative anesthesia, all animals received atro-
pine at 0.04 mg/kg intramuscularly (IM) and aceproma-
zine at 0.05 mg/kg IM. Pre-emptive analgesia was admin-
istered via a fentanyl patch (75 ug/h), applied 24 hours
prior to operation.
The dogs were anesthetized using intravenous thiopen-
tal (7 mg/kgBW) induction and maintained under anes-
Fig 1. A, Wireless pressure sensor with basket wire. B
sensor after removal of basket wire. Both ends of wireles
holes, wireless sensor was anchored inside the aneurysmthesia with 1.5-2% inhalant isoflurane. Intubation was donefor airway patency and access. Prophylactic antibiotics
(cephalosporin 10 mg/kgBW) were given intravenously.
The animal’s abdomen was shaved, prepped, and draped in
the standard surgical fashion. A midline laparotomy inci-
sion was done to expose the abdominal aorta. The infrare-
nal aorta was completely exposed with ligation of all lumbar
arteries. All branches originating from the infrarenal aorta,
including lumbar arteries, were ligated from the native
aorta prior to implantation of the aneurysmal graft to
control the back bleeding. Systemic heparin was adminis-
tered (100 u/kgBW) prior to clamping of the aorta. Prox-
imal and distal control of the abdominal aorta from the
infrarenal aorta to the aortic trifurcation was obtained with
vascular clamps. The infrarenal aorta was excised from 20
mm distal to the renal arteries to 15 mm proximal of the
trifurcation. The prosthetic aneurysm with the wireless
pressure sensor was anastomosed to the aorta in an end-to-
end manner using 6-0 prolene (Fig 2). The length of
aneurysm created and the overall length of the graft im-
planted were 4.64  0.34 cm (4.0-5.0 cm) and 7.55 
1.2cm (6.0-9.0 cm), respectively (mean  standard devia-
tion [SD]). After ensuring hemostasis, the wound was
closed in layers. Immediately following surgery, an arterial
line was inserted into the right femoral artery to obtain a
direct pressure reading for the purpose of wireless pressure
sensor calibration.
All animals received aspirin 325 mg/day postopera-
tively. The wireless sac pressure sensing and systemic blood
pressure measurements were performed for 2 weeks after
aneurysm creation with the object of checking the wireless
sensor performance.
Angiogram and EVAR. Two weeks after aneurysm
creation, the dogs underwent angiography and EVAR. The
polytetrafluoroethylene (PTFE) aneurysm and wireless
or have three tiny holes. Using the stitches through the, A
s sensdogs were anesthetized in the same manner as the prior
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length were made over the iliac to femoral arteries. The
animals were then systemically heparinized (100 ug heparin/
kgBW). Via femoral access, angiography was perfor-
med with the 5-F Royal Flush Plus High-Flow Catheter
(Cook Medical, Bloomington, Ind) to assess aneurysm
patency and to obtain direct measurements of the intra-
aneurysmal pressure. After angiography was obtained, the
contralateral iliac artery was accessed to deploy the en-
dograft. The endograft was advanced over a 0.035-inch
guidewire to the infrarenal aorta via the femoral artery.
Five canines received the iliac limbs of standard AneuRx
(Medtronic/AVE) (STA, either 12 85 mm or 12 115
mm (diameter  length) and the remaining 5 received the
iliac limbs of Resilient AneuRx (RSA, either 12 85mmor
12  115 mm) endograft. Following deployment of the
endograft, a completion angiography was performed to
assess for complete exclusion of the aneurysm and presence
of endoleaks. Aneurysm sac pressures were also obtained via
the wireless sensor.
The femoral artery arteriotomy was closed with 6-0
Prolene sutures. The groin wound was irrigated and closed
in layers.
Aneurysmal sac pressure measurement. Utilizing
the wireless pressure sensor, aneurysmal sac pressures were
taken before EVAR, immediately after EVAR, daily for the
first postoperative week, and then weekly for 3 months.
Non-invasive systemic blood pressures were simultaneously
obtained.
Angiography, euthanasia, and gross analysis. Three
months after EVAR, following wireless sac pressure sensing
and systemic blood pressure measurement, the canines
were sacrificed. Prior to euthanasia, angiography was per-
formed under general anesthesia to confirm the absence of
endoleaks. After angiography, a midline laparotomy was
Fig 2. Intraoperative view of aneurysm creation. Proximal aorta
was taped with white vessel loop at the left side of image. Black
arrows demonstrate stitches (6-0 prolene) to fix the wireless sen-
sor. Trifurcation is beyond the distal aspect on the right side.made to expose the aneurysm, and euthanasia with pento-barbital and potassium injection was performed. The aneu-
rysm was harvested and examined grossly for presence or
absence of thrombus.
Statistical analysis. We used a nonparametric method
(Mann-WhitneyU test) to compare the pressure data of the
two groups. All values are expressed as mean SD, and P
.05 was considered statistically significant.
RESULTS
Prosthetic aneurysms were successfully created in all 10
canines with no mortalities. The average diameter of the
infrarenal aorta was 8.5 mm. The pressure measurements
obtained through the wireless pressure sensor and direct
intra-sac catheters demonstrated very close correlations.
Five dogs were treated using STA and the other 5 dogs with
RSA. There was no difference in body weight and diameter
of infrarenal aorta between the STA group and RSA group
(body weight 26.9  1.4 kg vs 26.1  2.7 kg, diameter of
aorta 8.5  0.4 mm vs 8.5  0.6 mm, mean  SD). The
length of infrarenal aorta from renal artery to trifurcation
was ranged from 9.0 cm to 12.5 cm. The average maximal
diameter (mean  SD) of aneurysms is 26.3  2.5 mm
(STA 26.2 mm vs RSA 26.4 mm, mean). There was no
difference in the accuracy of the wireless sensors between
the two groups (Table I). All ten aneurysms were success-
fully treated with EVAR without evidence of endoleaks
(Fig 3). All sensors remained functional throughout the
period of the study. Intra-sac pressure was not decreased
immediately after EVAR despite absence of detectable en-
doleaks in both groups. However, during the observed
period there was a significant difference in the sac pressures.
Sac systolic pressure index (SPI) and sac mean pressure
index (MPI) remained at a higher level in the STA group,
whereas it gradually decreased over time in the RSA group
(sac pressure index is the ratio to systemic pressure). SPI
and MPI after EVAR were about 0.8 in the STA group.
This difference in the SPI reached statistical significance at
2 months (STA 0.79  0.21 vs RSA 0.49  0.30) and
lasted up to 3 months (STA 0.83  0.13 vs RSA 0.40 
Table I. Characteristics of two groups
STA group RSA group P value**
Body weight (kg) 26.9  1.4 26.1  2.7 NS
Diameter of infrarenal
Ao (mm) 8.5  0.4 8.5  0.6 NS
Sensor status
Ratio of sensor pressure
to the direct pressure
Prior to EVAR*
Systolic 0.99  0.07 0.96  0.06 NS
Mean 0.94  0.04 0.93  0.07 NS
STA, Standard AneuRx; RSA, resilient AneuRx; Ao, aorta; NS, not signifi-
cant; EVAR, endovascular aneurysm repair.
*Numbers of sensor status represent ratio of intra-sac pressure and direct
pressure (mean  standard deviation [SD]).
**t test.0.30) (Table II, Fig 4, A). Differences with the MPI
o ma
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0.14 vs RSA 0.40  0.33) (Table II, Fig 4, B). Sac pulse
pressure index (PPI) was decreased in both groups imme-
diately after EVAR. However, the PPI was significantly
lower in the RSA group throughout the duration of the
study (STA about 0.6 vs RSA about 0.3) ((Table II, Fig 4,C).
No endoleak was detected in either group at the time of
euthanasia (Fig 5).Macroscopic analysis confirmed that all the
endografts were patent and aneurysm sacs were filled with
organized thrombus without any flow inside the sac (Fig 6).
DISCUSSION
The purpose of EVAR is to prevent aneurysm rupture
and aneurysm-related death. Aneurysm sac pressure after
Fig 3. Intraoperative digital subtraction angiography o
angiography demonstrates the prosthetic aneurysm with
B and C, After EVAR, angiography demonstrates succ
D, After EVAR, wireless sensor is easily recognized as twEVAR has been shown to be an essential predictor ofaneurysm rupture.4-8 Aneurysm sac pressure seems to be
associated with aneurysm expansion and low pressure with
aneurysm shrinkage.4-12 A time interval will be necessary
for the sac pressure changes to be expressed by aneurysm
remodeling.22,23 Therefore, aneurysm sac pressure moni-
toring could be useful after EVAR to detect endoleaks,
including endograft failure. However, some aneurysms af-
ter EVAR may continue to enlarge despite the absence of
detectable endoleaks.10,24,25 These aneurysms with high
sac pressure, so-called endotension, are unusual and are
seen in only 2-5% of patients after EVAR.10,25 Endotension
is defined as intra-sac pressurization following EVAR with-
out evidence of endoleak24,26 in a narrow sense. However,
it is ill-defined whether endotension with sac enlargement
ovascular aneurysm repair (EVAR). A, Before EVAR,
ess sensor (arrows are the both ends of wireless sensor).
exclusion from systemic circulation without endoleak.
rkers of both ends (arrows).f end
wirel
essfulmay be a cause of rupture. The mechanism of endotension
dard d
rysm r
ence
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pressure can be transmitted to the aneurysm sac. The
transmission of pressure from the aorta to the aneurysm sac
can occur via thrombosed layer between the aortic wall and
the endograft. The pressure may also be transmitted
through the graft fabric. Some reports proposed that endo-
tension is due to a missed or undetectable endoleak.27,28
However, another report revealed the absence of endoleak
in a patient with endotension at the time of open conver-
sion.29 Our canine model has no side branches originating
from the aneurysm sac because all branches, such as lumbar
arteries, were ligated from the native aorta at the time of
aneurysm creation. Therefore, type 2 endoleaks were defi-
nitely absent in this model. No type 1 or type 3 endoleaks
were detected using angiography, and all aneurysm sacs
were thrombosed without any blood flow at the time of
sacrifice. These findings confirmed that the phenomenon of
endotension can occur without any detectable endoleaks.
Some reports indicated rates of sac enlargement or shrink-
age after EVAR are correlated with the graft type de-
Table II. Change of intra-sac pressure following endovasc
Immediately
after EVAR 1 day 1 week
Systolic intra-sac pressure index (SPI; intra-sac systolic pressure/s
STA 0.89  0.07 0.98  0.19 0.83  0.14
RSA 0.65  0.30 0.67  0.20 0.68  0.24
P value P  .12 P  .03 P  .40
Mean intra-sac pressure index (MPI; intrasac mean pressure/syste
STA 0.92  0.10 1.00  0.14 0.87  0.14
RSA 0.69  0.40 0.71  0.27 0.76  0.34
P value P  .40 P  .03 P  .75
Intra-sac pulse pressure index (PPI; intrasac pulse pressure/system
STA 0.62  0.17 0.77  0.33 0.60  0.14
RSA 0.44  0.18 0.43  0.16 0.38  0.18
P value P  .25 P  .047 P  .043
All numbers are pressure ratio according to systemic pressure (mean  stan
STA, Standard AneuRx; RSA, resilient AneuRx; EVAR, endovascular aneu
Fig 4. Intra-sac pressure following endovascular aneur
systolic pressure remained at a high level in the standar
Resilient AneuRx (RSA) group. This difference reached
B, Intra-sac mean pressure had a similar trend to intra-
Intra-sac mean pressure was significant lower in RSA gr
pressure. Intra-sac pulse pressure decreased immediately
the RSA group throughout the study. *significant differployed.9-14 AAA excluded with ePTFE device was found tohave higher sac pressure than that excluded with Dacron
device.14,30 The original porous Excluder device was asso-
ciated with a higher rate of sac enlargement and lower rate
of sac shrinkage. This phenomenon (continuous pressur-
ization) has been attributable to the high porosity or per-
meability of the fabric allowing serous ultrafiltration and
degradation of sac thrombus. The low permeability Ex-
cluder device has been introduced since 2004. The addi-
tional film layers decreased the overall permeability of
ePTFE device, and this has lead to higher sac shrinkage
rates after EVAR with the new (low permeability) Excluder
(63.9%) compared with the original Excluder (25%).15 In
general, endografts with Dacron experienced significantly
greater sac shrinkage than those with ePTFE.9-14However,
only 36% of the patients after EVAR with the original
AneuRx had a decrease in aneurysm size of 5 mm or more
during the follow-up period. Half of the patients (52%)
treated with the original AneuRx had no change in aneu-
rysm size.25 Therefore, although endotension following
EVAR with endograft with Dacron was not as much of an
aneurysm repair (EVAR)
2 weeks 1 month 2 months 3 months
ic systolic pressure)
5  0.18 0.81  0.29 0.79  0.21 0.83  0.13
4  0.26 0.53  0.17 0.49  0.30 0.40  0.30
 .47 P  .12 P  .02 P  .02
ean pressure)
7  0.20 0.84  0.32 0.84  0.24 0.88  0.14
0  0.31 0.58  0.24 0.52  0.37 0.40  0.33
 .92 P  .07 P  .07 P  .043
lse pressure)
0  0.22 0.64  0.20 0.57  0.25 0.57  0.08
2  0.16 0.33  0.26 0.34  0.17 0.32  0.18
 .043 P  .043 P  .17 P  .03
eviation [SD]).
epair.
repair (EVAR). A, intra-sac systolic pressure. Intra-sac
euRx (STA) group whereas it gradually lowered in the
stical significance at 2 months and lasted to 3 months.
stolic pressure. It gradually lowered in the RSA group.
han that in STA group at 3 months. C, Intra-sac pulse
EVAR. Intra-sac pulse pressure was significant smaller in
between STA group and RSA group.ular
ystem
0.7
0.6
P
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0.7
0.7
P
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0.3
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afterissue as the endograft with ePTFE, it has been a clinical
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at a high level in the STA group, but it gradually decreased
in the RSA group. As previously mentioned, 2 months after
EVAR, intra-sac pressures of canines treated by RSA were
significantly lower than those of canines treated by STA.
RSA was highly effective at reducing the sac pressure.
Increased pulse pressure is a factor that can lead to aneu-
rysm formation4 and also has an impact after EVAR. In this
study, pulse pressures in aneurysms treated with RSA were
significantly lower than those aneurysms treated with STA.
Observed endotension may be the result of pressure trans-
mission through the graft material and aneurysmal throm-
bus.14 Low porosity graft material is likely to be effective in
preventing aneurysm rupture by means of reducing the
overall sac pressure and sac pulse pressure in the Dacron
Fig 5. Digital subtraction angiography prior to euthan
A, Angiography demonstrates absence of endoleak. B, M
without stenosis.
Fig 6. Gross examination of explanted prosthetic ane
AneuRx (STA).B, aneurysm treated with resilient AneuR
Aneurysm was extirpated from suprarenal to below th
without blood flow. Wireless sensors were attached insidendografts as well as in the ePTFE endografts. Moreover,the porosity of the endograft fabric is one of the factors that
affect the type 4 and 5 endoleaks.
There are some limitations to this study. The intra-sac
pressures in our model were relatively high at 3 months after
EVAR, when compared to excluded sac pressures in humans
and other reports of canine models.4-6,15,30 Previous studies
have also shown that intra-sac pressure after EVAR without
detectable endoleaks differ widely.4-7,9,11-13,14,20-23 Clinical
studies demonstrated that EVAR does not usually result in
immediate decrease of intra-sac pressure.22,23 Intra-sac mean
pressure index (intra-sac mean pressure/systemic mean pres-
sure) varied from 0 to 1.2.4-7,9,11-13,14,20-23 Some studies
have shown that time is required before intra-sac pressure
reduction takes place.22,23
Intra-sac pressure depends on the presence of en-
3 months after endovascular aneurysm repair [EVAR]).
ified angiography shows that endograft is widely patent
with endograft. A, Aneurysm treated with standard
A). Proximal aorta is on the left side, distal on right side.
rcation. Both aneurysm sacs were totally thrombosed
aneurysm sac (arrows).asia (
agnurysm
x (RS
e trifudoleak, the size and type of endoleak, the type of device,
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It has been shown that sac pressure depends on sac
volume.31 The artificial aneurysms in this study were 50
mm long and 25 mm in diameter, which represents a small
volume aneurysm. Therefore, the small volume may be one
of the reasons for the relatively high sac pressures in this
study.
Moreover, iliac limbs of the AneuRx device 12 mm in
diameter were deployed in the abdominal aorta 8.5 mm in
diameter to exclude the 25 mm aneurysm. Consequently,
the pressure sensor may have been placed close to the
endograft, which may result in the compression of the
pressure sensor. Another weakness of this study is that
the accuracy of the pressure sensor in a solid environment
such as thrombus has not been confirmed. Intra-sac pres-
sure at 3 months varied, particularly in the RSA group. This
variation suggests that the wireless sensor was providing
highly variable readings in a solid environment.
Aneurysm sac pressure and mechanism of endotension
are still controversial. However, intra-sac pressure measure-
ment may be worthwhile to predict the results of EVAR.
Wireless pressure sensor was developed.16-18,32 Further
research and experiment of sac pressure will reveal these
problems.
CONCLUSION
Intra-sac pressure by means of wireless pressure sensor
remained high in the standard AneuRx treatment group
despite the absence of detectable endoleaks. The Resilient
AneuRx group effectively demonstrated greater reduction
in sac pressure over time. Our results suggest that low
porosity fabric is preferable in the Dacron endograft as well
as in the ePTFE endograft. These findings will also be
useful in designing improved aortic endografts. Wireless
intra-sac pressure measurement may be worthwhile to re-
veal the relation between sac pressure and result of EVAR
and the mechanism of endotension.
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